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LINEARIZED MEASURING DEVICE
Donald R. Mack, Schenectady, N.Y., assignor to Gen-
eral Eleciric Company, a corporation of New York
Filed Apr. 13, 1959, Ser. No. 806,058
4 Claims. (CL 73—362)

This invention relates to measuring devices in which
the output is a linear function of the character being meas-
ured and particularly to a linearized temperature meas-
uring device.

The present invention is particularly useful whea incor-
porated in a temperature measuring device and, accord-
ingly, the invention will be discussed when so applied
although it will be clear to those skilled in the art that
the invention can be utilized equally well in other measur-
ing devices. There are available on the market resist-
ance temperature gages which are small grids of mickel
wire adapted to be glued on the surface of which the
temperature is to be measured. The resistance of the
resistance temperature gages is a function of temperature
over a given operating range; however, the resistance of
the gage is not a linear function of temperature, the re-
sistance gages ordinarily having a positive temperature co-
efficient. Accordingly, the manufacturer provides a table
in which the resistance value of the gage at a plurality
of temperatures is set forth. Ordinarily, the resistance
temperature gage is placed in a Wheatstone bridge cir-
cuit which is utilized to measure the resistance of the
gage after which the temperature can be determined by
reference to the resistance vs. temperature table for the
particular resistance temperature gage being used. This
temperature measuring procedure is accurate but tedious
since it requires two manual operations, namely, balanc-
ing the Wheatstone bridge manually and thereafter man-
ually looking up the temperature in the resistance vs. tem-
perature table for the gage.

Other attempts have been made to provide a direct
reading instrument whereby to eliminate the necessity to
consult the resistance vs. temperature table when taking
each reading, but these efforts have not been successful
heretofore due at least in part to the fact that the output
voltage of the Wheaistone bridge is also a non-linear func-
tion of the resistance of the temperature sensing gage.
In an effort to simplify the operation of the Wheatstone
bridge circuit it has been customary heretofore to choose
the dummy resistors in the Wheatstone bridge either for
maximum bridge output voltage or to have a convenient-
ly obtainable resistance value therefor such as 1,000
ohms, or to provide dummy resistors having a resistance
equal to the compensating resistor, the last mentioned al-
ternative providing an instrument in which the input
and output terminals of the Wheatstone bridge are inter-
changeable. However, none of the choices provides a
measuring device in which the voltage output of the
‘Wheatstone bridge is a linear function of the temperature
being measured.

Accordingly, it is an important object of the present
invention to provide an improved measuring device and
particularly an improved temperature measuring device
which permits the direct reading and/or the direct record-
ing of the temperature being measured on a linear scale.

Another object of the invention is to provide a temper-
ature measuring device utilizing a simple circuit of the
‘Wheatstone bridge type in which the voltage output of the
Wheatstone bridge circuit is a linear function of the tem-
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2

perature being measured whereby to permit direct reading
and/or recording of the temperature on a linear scale.

Still another object of the invention is to provide a
temperature measuring device utilizing the improved
Wheatstone bridge of the present invention in which the
output voltage of the bridge can be calibrated in terms
of temperature on a linear scale quickly and accurately.

Yet another object of the invention is to provide a
temperature measuring device of the type set forth in
which the temperature sensing resistance gages can be
quickly interchanged and the reading scale of the device
readily recalibrated to accommodate a new and different
temperature sensing resistance gage.

Further features of the invention pertain to the particu-
lar arrangement of the parts, whereby the above outlined
and additional operating advantages and features thereof
are attained.

The invention, both as to its organization and method
of operation, together with further objects and advantages
thereof, will best be understood by reference to the fol-
lowing specification taken in connection with the accom-
panying drawings, in which:

FIGURE 1 is a perspective view of a temperature
measuring device made in accordance with and embody-
ing the principles of the present invention;

FIG. 2 is a simplified schematic electrical diagram of
the Wheatstone bridge circuit forming a part of the tem-
perature measuring device of this invention;

FIG. 3 is a graph plotting the relationship between tem-
perature and the “Resistance Ratio” for a typical tem-
perature measuring gage forming a part of the measuring
device of the present invention, the Resistance Ratio be-
ing the ratio of the resistance of the gage at the tempera-
ture being measured to the resistance of the gage at the
lower end of the temperature range being measured, the
curves illustrating that the relation between the resist-
ance of the gage and the temperature being measured is
a non-linear function over the temperature range being
measured;

FIG. 4 is a graph plotting the “Relative Voltage” against
the “Resistance Ratio,” the Relative Voltage being the
ratio of the output voltage of the Wheatstone bridge at
the temperature being measured to the output voltage
at the upper end of the temperature range being meas-
ured, the Resistance Ratio being the ratio of the resistance
of the resistance temperature gage at the temperature be-
ing measured to the resistance thereof at the low end of
the temperature range to be measured, the curve showing
the effect of changing the resistance value of the dummy
resistors in the Wheatstone bridge circuit and that the
output voltage is a non-linear function of the gage re-
sistance except when the value of the dummy resistors is
infinite;

FIG. 5 is a graph plotting the “Relative Voltage,”
namely the ratio of the voltage output of the Wheatstone
bridge at the temperature being measured to the output
voltage at the high end of the temperature to be measured,
against the temperature being measured, and showing the
effects of changing the value of the dummy resistors in
the Wheatstone bridge circuit;

FIG. 6 is a schematic electrical diagram illustrating
gnother circuit embodying the principles of the present
invention;

FIG. 7 is a graph plotting the relationship between
temperature and the “Voltage Ratio” for a circuit wherein
the ratio between the resistance of the dummy resistors
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and the compensating resistors is one, the Voltage Ratio
being the ratio between the output voltage of the Wheat-
stone bridge at the temperature being measured with a
finite load resistance across the output terminals of the
‘Wheatstone bridge and the voltage when the load resist-
ance is infinite, curves being presented for different values
of the ratio between the load resistance across the output
terminals of the Wheatstone bridge and the dummy re-
sistors;

FIG. 8 is a graph similar to the graph of FIG. 7 for
a circuit wherein the ratio between the dummy resistors
and the compensating resistor is the optimum value for
linearizing the output of the temperature measuring de-
vice; and

FIG. 9 is an elecirical schematic diagram illustrating
another form of circuit embodying the prmmples of the
present invention.

There is shown in FIG. 1 of the drawmgs a tempera-
ture measuring device 1¢ embodying therein the prin-
ciples of the present invention. The measuring device 16
is adapted to be used in combination with a temperature
sensing resistor 12 which may be in the form of a resist-
ance temperature gage formed as small grids of nickel
wire and adapted to be glued on the surface which is to
have the temperature thereof measured. Specific exam-
ples of suitable gages which can be used as the temperature
sensing resistor 12 are the resistance temperature gages
sold by the Baldwin-Lima-Hamilton Company -of Wal-
tham, Massachusetts and designated as gages T-7, T-14
and TB-—14 and those manufactured by the Arthur C.
Ruge Associates, Inc. of Cambridge, Massachusetts and
designated types PN-1, PN-2, BN-3 and BN-4. The
resistance of such gages, depending upon the type, is be-
tween 50 and 200 ohms at 70° F. and the manufacturer
furnishes a table of resistance vs. temperature for each
type of resistance temperature gage. The resistance is a
non-linear function of temperature and-for example in
the case of Baldwin gages T-7, T-14 and TB-14, the re-
sistance characteristic exhibits a positive temperature co-
efficient and deviates 13.5° from a straight line over the
operating range 70° F. to 350° F. There has been plot-
ted in FIG. 3 of the drawings a typical resistance vs. tem-
perature characteristic for the Baldwin gages T-7, T-14
and TB-14; more specifically, the “Resistance Ratio”
has been plotted against temperature, the Resistance Ratio
being the ratio between the resistance of the gages at the
temperature being measured and the resistance of the gages
at 70° F., that plot being illustrated by solid lines therein.
A theoretical straight line function of the -“Resistance
Ratio” vs. temperature over the range 70° F. to 350° F.
is indicated by the dashed line.

In accordance with the principles of the present inven-
t_wn, the resistance temperature gage 12 is connected in
a Wheatstone bridge circuit 14 having a pair of input ter-
minals 16 and 18 and a pair of output terminals 26 and
22.  The resistance temperature gage 12-is inserted- be-
tween the input terminal 16 and the output terminal 20
and a compensating resistor 24 is connected between the
first input terminal 16 and the second output terminal 22.
A pair of dummy resistors 26 and 28 is provided, the
dummy  resistor 26 being connected between the second
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perature being measured by the resistance temperature
gage 12.© More specifically, the value of the resistors 26
and 28 is chosen so that the output of the Wheatstone
bridge 14 is a non-linear function of the resistance of the
temperature gage 12 and more particularly deviates from
a straight line function in a sense opposite to that in
which the resistance vs. temperature characteristic of the
resistance temperature gage 12 varies from a straight line
and in an amount substantially to compensate therefor.

In order to determine the optimum value of the dummy
resistors 26 and 28 it is necessary to analyze the Wheat-
stone bridge circuit 14 by which it can be shown that

V= E[R—I—Ra (Fq.1)
wherein:

V is the output voltage at the output terminals 20 and
22 when no load resistance is connected therebetween,

E is the voltage of the battery 30;

R is the value of the resistance of the resistance tem-
perature gage 12 at the temperature being measured;

R, is the value of the fixed compensating resistor 24
and is equal to the value of R at the low end of the tem-
perature range being measured; )
" R, is the value of the fixed resistor 26; and

R; is the value of the fixed resistor 28.

Assumlng that R, is equal to Rs, Eq. 1 above can be re-
written in dimensionless form as follows:

R2/R1 2/R1
BIRi+RjR 1+ EaE 4D

There is shown in FIG. 4 of the drawings a plot of
Eq. 2 for the case wherein the resistance temperature

R, ]
Ri+E.

V/E=

. gage 32 is a Baldwin T-14 or TB-14 gage or a Ruge

" PN-2 or BN—4 gage and further wherein R; is equal to

the value of R at 70° F. For the sake of convenience
“Relative Voltage” has been plotted against “Resistance
Ratio,” the Relative Voltage being the ratio of V/E to

- its value at 350° F. which is the maximum operating tem-

40

perature of the Baldwin gages, and the Resistance Ratio
is the value of the Resistance R of the gage 12 at the
temperature being measured divided by the value there-
of at 70° F. Two curves have been plotted in FIG. 4,

- the upper curve being that case wherein Ry is equal to

45

R; or to the value of R at 70° F. and the lower curve
being the case wherein R, is taken .to be infinite wherein
it will be seen that the relationship is a straight line func-
tion. Accordingly, for any finite value of the dummy

" resistors 26 and 28, the output voltage -V of the Wheat-
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input terminal 18 and the second output terminals 22 and .

the dummy resistor 28 being connected between the sec-
ond input terminal 18 and the first output terminal 20.
A battery 30 is connected between the input terminals 16
and 18 to provide the necesasry operating potentials. for
the bridge 14. 1t is preferred that the compensating re-
sistor 24 have a resistance R; which is equal to the re-
sistance R of the resistance temperature gage 12 at the
lower end of the temperature range to be measured.
The resistance value Ry of the resistor 26 and the resist-
ance value Ry of the resistor 28 are preferably equal and
are chosen in accordance with the present invention to
have a value such that the voltage output at the terminals
20 and 22 is a substantially linear function of the tem-

70
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stone bridge 14 is a non-linear function of the resistance
R of the gage 12, this non-linearity being negative in
character and in the opposite sense when compared with
the non-linearity of the value R. of the gage 12 versus
temperature as illustrated in FIG. 3 of the drawings.
Accordingly, by proper choice of the value of Ry, the non-
linearity of the output of the Wheatstone bridge illus-
trated by the curve of FIG. 4 when combined with the
non-linearity of the resistance change in-response to
changes in temperature of the temperature measuring
gage illustrated by the curve of FIG. 3 serves substan-
tially to' cancel the non-linearity therebetween whereby
to provide a ‘substantially linear function for the rela-
tionship between the output voltage at the output ter-
minals 20 and 22 and the temperature being measured by
the resistance temperature gage 12. The effect of com-
bining these two non-linearities is illustrated graphically
in FIG. 5 of the drawings wheérein the combined non-
linearities have been plotted for three different values of
the dummy resistors 26 and 28. - When the ratio of the
value R, of the dummy resistors to the value Ry of the
gage-12 at 70° ‘F.’is one, the compensation provided by
the non-linearity of the Wheatstone bridge 14 is seen to be
sufficient to more than counteract the non-linearity of the
gage 12 with respect to temperature whereby to provide
a deviation from a straight line curve in the same sense
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that the plot of Relative Voltage vs. Resistance Ratio of
FIG. 4 deviates from a straight line curve., When the
ratio between Ry and Ry is infinite, there is not sufficient
compensation by the Wheatstone bridge circuit and as a
result the curve differs from a straight line function in
the same sense that the plot of Resistance Ratio vs. tem-
perature of FIG. 3 differs from a straight line function.
On the other hand, when the ratio between Ry and Ry is
approximately 3, a substantially straight line function is
obtained when the Relative Voltage is plotted against
temperature as is indicated by the intermediate curve in
FIG. 5. In this case the non-linearity introduced into
the system by the Wheatstone bridge 14 is of the oppo-
site sense and substantially equal in amount to the non-
linearity of the gage response to temperature  change
whereby to compensate for the non-linearity of the re-
sistance temperature gage 12 with respect to temperature
so that the output voltage from the Wheatstone bridge
circuit 14 is substantially linear with respect to tempera-
ture.

In order to determine the actual value in ohms of the
dummy resistors 26 and 28 so that a linear output is ob-
tained across the output terminals 20 and 22, it is neces-
sary simultaneously to solve Equation 1 above and the
relationship between the resistance of the temperature
sensing gage 12 and the temperature being measured.
This solution can be made only by trial and error meth-
ods, either by hand or by modern electronic computers.
It is also possible by means of Equations 1 and 2 above
to determine the actual nmon-linearity to be expected at
the output terminals 20 and 22 when the optimum value
of the resistors 26 and 28 is utilized in the Wheatstone
bridge. In the trial and error method of calculation of
the optimum value of the dummy resistors 26 and 28, it

is necessary to select a particular value and using that 3

value to solve Equation 1 above and to compare the
voltages that would be obtained at several temperatures
by the use of that value of the dummy resistors with the
voltages that are exactly proportional to temperature
change.

There is shown in Table I below a typical calcula-
tion to verify the optimum ratio between the value Ry of
the dummy resistors and the values Ry and Ry of the
compeansating resistor and the resistance temperature gage

12, respectively.
Table 1
T,°F R. |R4Rs|_B | ¥V V| T0 | pi,
(ohms) R4-Ry E Vasoe 2380

800 | .25000 |0 0 0 0

815 | .26380 | .01380 | .1071 | .107L | ©

828 | .27536 | .02536 | .1968 | .1964 0004
841 | .28656 | .03656 | .2837 | .2857 | —.0020
855 | .20825 | .04825 | .3744 | .3750 | —.0006
869 | .30055 | .05055 | .4621 | .4643 | —. 0022
884 | .32127 | .07127 | .5530 | .5536 | —.0006
809.5 | .33296 | .08206 | .6487 | .6420 | .0008
015 | .34426 | .09426 | .7314 | .7321 | —.0007
931.5 | .85688 | .10588 | .8215 | .8214 | .0001
948 | 36709 | .11709 | .9085 | .9107 | —. 0022
966 | .37888 | ,12888 | 1.0000 | 1.0000

There is also calculated in Table I above the maximum
voltage error which is listed in the last column under
the heading “Diff.,” wherein it will be seen that the maxi-
mum voitage error is —0.0022. This error is too small
to be detected visually from FIG. 5 and in terms of
temperature is equal to —0.6° F. This error in linearity
is approximately the same as those due to error in the
manufacturer’s published value of Rge which accom-
panies ecach package of gages. For most temperature
measurements, the deviation from a straight line of the
output voltage from the Wheatstone bridge 14 can be
ignored.

Table IT below illustrates the calculations confirming
the optimum ratio of Ry to R; and Ry for a Ruge SN-1
gage wherein it is found that this optimum ratio is 4.8,
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Table 11
R g _R/E: v A
R R/R-+-4.8 E Veo0° 530
5.800 .17241 |0 (] (]
5.895 . 18575 01334 | .0559 | .0566 | —.0007
6. 060 .20792 { . 03551 .1488 1509 | —. 0021
6.237 . 23040 | . 05799 .2429 1 .2453 | —. 0024
6. 426 .25303 | . 08062 .3377 | .3396 | —.0019
6. 628 .27580 | .10339 | .4331 | .4340 | —. 0009
6. 842 .20845 | .12604 5280 | .5283 | —.0003
7.072 .32127 | .14886 6236 | .6226 0010
7.317 .34399 | .17158 7188 7170 .0018
7.579 . 36667 | .19426 8138 8113 . 0025
7.857 .38908 | .21667 L9077 | .9057 0020
8.151 .41112 | . 23871 | 1.0000 |1.000

There is tabulated in the last column headed “Diff.” the
actual output voltage error which is a measure of the
deviation of the actual function from the ideal straight
line function set forth in the next to the last column.
It will be seen that the maximum voltage error in the
case is 0.0025 which corresponds to a temperature error
of 1.3° F. This error in linearity is also approximately
the same as those due to error in the manufacturer’s pub-
lished value of Ry which accompanies each package of
gages and in general this deviation of the bridge output
voltage from a straight line can be ignored in practical
applications.

The above simultanecus solutions of Eq. 1 and the
relationship of the gage resistance vs. temperature have
been illustrated as performed by the “trial and error”
method, but because of the complexity of the equations
and relationships, the solution thereof can be better ob-
tained by modern computer systems such as the Inter-
national Business Machine 704.

The above calculated optimum values are for a given
range of use of the resistance temperature gage. If the
range of use is changed, then the optimum ratio of R, 10
R; also changes. For example, if the Ruge gage SN-1
is used over the temperature range 0° F. to 500° F. in-
stead of the range 70° F. to 600° F. calculated above in
Table II, the optimum ratio of Ry to R; is 4.1 instead of
4.8. The maximum linearity deviation over the tempera-
ture range 0° F. to 500° F. is 1.57° F. Furthermore, by
example, if the Baldwin gage TB-14 is utilized over the

-temperature range 32° F. to 212° F. instead of over the

temperature range 70° F. to 350° F. illustrated in Table
I above, the ratio of Ry to R; is optimum at 3.05 in-
stead of 3. The maximum linearity deviation in this
caseis 0.34° F.

Equations 1 and 2 above are those applicable when
there is mo load resistance connected across the output
terminals 20 and 22. Frequently, a relatively low re-
sistance load is desirable, for example, when a voltage
divider is inserted in the output to provide a gain con-
trol for the indicating instrument. An output load in the
form of a resistor 32 has been shown connected between
the output terminals 26 and 22 in FIG. 2 of the draw-
ings, the resistor 32 having a resistance value R;. The
effect of the finite load Ry, upon the output voltage can be
determined by writing the three loop voltage equations,
the first loop including the battery 30, the resistance gage
12, and the dummy resistor 28; the second loop including
the battery 30, the compensating resistor 24, and the
dummy resistor 26; and the third loop including the
dummy resistor 26, the dummy resistor 28, and the load
resistor 32. Three voltage equations can be written for
these three loops as follows:

iR (i;—i3) Rg=E

. bRyt (i) Ry=E
(f3—i1) Ry+i3Re,+ (iz+ia) Ry=

(Eq.3)
(Eq. 4)
(Eq. 5)
wherein:

11 is the current through the first loop described above;

iz is the current through the second loop described
above;
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i3 is the current through the third loop described above;
- R is the resistance value of the resistance temperature
gage 12 at the temperature being measured;

R; is the fixed resistance value of the compensating
resistor 24 and is equal to the value of R at the low end
of the temperature range being measured;

Ry is the value of the fixed resistors 26 and 28 wh1c11
are equal; o

E is the voltage of the battery 30

Equations 3, 4 and 5 above can be solved s1mul-
taneously to yield

) Ry Ry
'V 4Ry R+R, Rtk
T () ~(amrmy) (RL<R1+R2>

(Eq. 6)

. The numerator of Equation 6 is the same as Equation
1 above when R, equals R; and therefore the denomina-
tor of Equation 6 is a measure of the linearity error intro-
duced by the load resistance Ry. Specifically, the devia-
tion from the unloaded output curve caused by the load
resistance is the ratio of V/E loaded, to V/E when Ry,
is infinite; i.e.,

vV
E 1
(Y_) TV 1_|_ B2 B2
B/~ RL ErL(B+R;) Ri(Bit+ER,)
1+2 L— RL)(R1>(R Rz )
: R1+R1 +R
(Eq. 7)
wherein:
V. is the value of the output voltage when the output
load Ry, is infinite.

. This deviation is plotted in FIG. 7 for several values
of the ratio of Ry, to Ry when the ratio of Ry to Ry is
equal to 1. It will be seen that as the ratio between the
load resistance Rj, and R, increases, the “droop,” i.e
the departure of the output voltage from a horizontal line
decreases so that when the resistance of the load is in-
creased to 100 times Ry, the droop is only 0.14%. The
maximum temperature error due to bridge loading is
then 0.4° F. In FIG. 8 there is plotted the droop ob-
tained when the ratio of Ry to R; is the optimum value of
3. In this case it will be seen that if the load resistance
Ry, is 100 times the dummy resistance Ry, then the droop
is ‘only 0:12% which corresponds to a maximum tem-
perature error due to loading of the bridge of 0.3° F.
The error due to loading will decrease still further as the
load resistance 32 is increased.

The circuit of FIG. 2 can be used without further
modifications to measure temperatures provided that the
output voltage of the battery 30 is known precisely and
further provided that the operator after reading the out-
put voltage multiplies it by a suitable proportionality fac-
tor to convert to a temperature reading. However, the
work of multiplication and the error due to the drift in
the potential of the battery 3¢ can be avoided by the addi-
tion of calibrating resistors and suitable accompanying cir-
cuitry as illustrated in FIG. 6 of the drawings.

" It further is desirable in a practical instrument to be
able to adjust the reading of the meter or other indicat-
ing device so that the bottom end of the temperature range
being measured corresponds to the zero scale position of
the meter and so that the high end of the temperature
range to be measured produces a full-scale reading on the
meter. In order readily to calibrate the meter so as to
correlate the output of the bridge to the scale divisions on
the meter face, a circuit has been provided as illustrated
schematically in FIG, 6, the same reference numerals be-
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8
ing applied to the circuit of FIG. 6 as are applied to FIG.
2 where appropriate. It will be seen from FIG. 6 that one
end of the resistance temperature gage 12 has been con-
nected to the output terminal 20 but that the other end
thereof has been connected to the third contact on a three
position switch 34 which can selectively connect the first
input terminal 16 to any of three desired positions or
switch contacts. - For purposes of illustration, a Baldwin

- TB-14 gage has been shown utilized as the resistance tem-

perature gage 12 and it is connected in the bridge 14 for
use over the temperature range 70° F. to 350° F. At
70° F., the resistor 12 has a resistance of 200 ohms and,
accordingly, it is desirable that the bottom or zero end of
the scale be adjusted for a resistance of 200 ohms at 70°
F. To this end a calibrating resistor 36 has been provided
having a resistance value Ry of 200 ohms to correspond to
the low end of the temperature scale. One terminal of the
resistor 36 is connected to the output terminal 2¢ and
the other terminal thereof is connected to the first posi-
tion or first contact of the switch 34. Accordingly, when
the movable contactor of the switch 34 contacts position
1, the Jow end calibrating resistor 36 is connected be-
tween the output terminal 2¢ and the input terminal 16.

In order to calibrate the full-scale or high reading of the
instrument, a calibrating resistor 38 is provided which has
a resistance Ry equal to the resistance of the resistance
temperature gage 12 at 350° F., this resistance being 366
ohms for a TB-14 gage. One terminal of the resistor 38
is connected to the output terminal 20 and the other termi-
nal thereof is connected to the second position or second
contact of the switch 34. The operator by placing the
switch 34 in the second position thereof connects the high
end calibrating resistor 38 between the output terminal 20
and the input terminal 16. The output from the bridge
network now corresponds to that which will be obtained
at the high end of the temperature range being measured
or at 350° F. When using a TB-14 type resistance tem-
perature gage 12 over the range of 70° F. to 350° F.,
the value R; of the resistor 24 is chosen to be 200 ohms
whereby to correspond to the resistance of the gage 12 at
the low end of the range to be measured or at 70° F.
The value of the fixed dummy resistors 26 and 28 is com-
puted as in Table I above and is found to be preferably
three times the value of the gage resistance R at 70° F.
or three times 200 ohms which is 600 ohms. When the
resistors have these values, the output voltage from the
bridge circuit 14 will be substantially a straight line func-
tion of temperature over the range being measured name-
1y, 70° F. to 350° F.

The output termmal 20 is connected by a lead 40 to one
of the input terminals of a variable gain amplifier 42 and

the other output terminal 22 of the bridge 14 is connected

through a lead 44 to a second input terminal of the ampli-
fier 42. The amplifier 42 is in turn connected through
leads 46 and 48 to an indicator or a recorder. In order
to calibrate the instrument, the operator may first place
the switch 34 in position 1 whereby to connect the resistor
36 having a value of 200 ohms between the output termi-
nal 20 and the input terminal 16 in which position the out-
put from the bridge circuit 14 will be zero. - Accordingly,
the indicator or recorder connected to the lines 46—48
can then be adjusted to the zero position thereof.

" Next the operator places the switch 34 in the second
position whereby to connect the resistor 38 between the
output terminal 20 and the input terminal 16. The output
from the bridge circuit 14 will now correspond to the
output at the high end of the temperature range being
measured or at 350° F. The gain of the amplifier 42 is
adjusted whereby to give a full-scale reading for this out-
put from the bridge circuit 14. The measuring device is
made ready for use by placing the switch 34 in the third
position whereby to connect the temperature sensing resis-
tor 12 between the input terminal 16 and the output termi-
nal 20. The voltage appearing on the lines 46—48 will

75 be directly proportional to the temperature being sensed
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by the resistance temperature gage 12 and will cause an
indication on the indicator or recorder which is substantial-
ly directly proportional to the temperature being sensed
by the gage 12.

The principles of the circuits of FIGS. 2 and 6 can be
readily incorporated into a practical instrument, the struc-
ture of such an instrument being illustrated in FIG. 1 of
the drawings and the schematic electrical diagram of such
an instrument being illustrated in FIG. 9 of the drawings.
Referring first to FIG. 9 of the drawings, it will be seen
that a bridge circuit 14 has again been provided having
the input terminals 16 and 18 and the output terminals
29 and 22. The compensating resistor 24 is connected
between the output terminal 22 and one terminal on a
banana jack 50 and particularly to the terminal 52 thereof.
The second terminal 54 of the jack 5§ is connected to the
input terminal 16 and may also be connected to the jack
terminal 52 either by a removable jumper 56 or a pair of
lead wires 58 and 6% which connect with the terminals 52
and 54, respectively, at one end thereof and are connected
to each other and to one terminal of the resistance tem-
perature gage 12 at the other end thereof. By these con-
nections the compensating resistor 24 is in effect connect-
ed between the output terminal 22 and the input terminal
16 of the bridge circuit 4. The dummy resistors 26 and
28 are connected precisely as has been described above.
The battery 3¢ is connected between the input terminals
16 and 18 in series with an “Off-On” switch 62 labeled
“Batt” in FIG. 1.

A three position switch 64 is provided selectively to
connect the output terminal 20 to one of three resistors,
namely, the minimum scale reading calibrating resistor
66, the maximum scale reading calibrating resistor 68,
or the resistance temperature gage resistor 12. More
specifically, the switch 64 has a movable switch arm 70
which is suitably connected at all times to the output
terminal 28 and can be shifted to make contact with any
of three contacts in three corresponding positions there-
of. The first contact 72 has been designated as the
“Min.” position and, when the switch 64 is in that posi-
tion, it serves to conmect the calibrating resistor 66 be-
tween the input terminal 16 and the output terminal 29.
The second contact 74 of the switch 64 has been desig-
nated as the “Max.” position and is connected to the
calibrating resistor 68 whereby, when the arm 76 is in
position to connect with the contact 74, the high end
calibrating resistor 68 is connected between the input ter-
minal 16 and the output terminal 28. The third contact
76 on the swiich 64 is designated as the “Read” posi-
tion and is connected by a line 78 to the third terminal
80 on the banana jack 50. The other end of the re-
sistance temperature gage 12 is connected through a line
82 to the terminal 8%. Accordingly, when the switch
arm 70 is against the contact 76, the resistance tempera-
ture gage 12 is connected between the input terminal
16 and the output terminal 28.

The output terminal 2§ is connected to a line 84 which
connects with a fixed load resistor 85 which is in series
with the resistance element of a potentiometer 88 having
a movable contact arm 99 in contact therewith. The
contact arm 90 connects with a terminal of an ammeter
92 which is in turn connected through a line 94 and &
pair of contacts $6 on a phone jack 188 to a line 98 con-
nected to the other oufput terminal 22. In certain in-
stances it is desirable to utilize an external recorder and
therefore the instrument is provided with the phone jack
166 which is connected to a potentiometer 162 whereby
the insertion of a plug in the phone jack 168 serves to
disconnect the ammeter, and to connect the resistance
element of the potentiometer 102 directly across the out-
put terminals 20 and 22 and serves to provide a con-
nection from the movable coatact arm 164 on the po-
tentiometer 102 to one terminal of an external high-
1mpedance meter or recorder, the other terminal of which
is connected to the output terminal 22.
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In the meter illustrated in FIGS. 1 and 9 of the draw-
ings the component parts have been selected to use a
TB-14 resistance temperature gage as the temperature
sensing element 12 in FIG. 9, the instrument to be used
over the temperature range 20° C. to 120° C. This will
permit the use of a scale on the indicating instrument
thaving 100 divisions whereby to obtain a direct reading
of the temperature. The particular resistance tempera-
ture gage 12 utilized has a resistance at 20° C. of 200
ohms and a resistance at 120° C. of 299.5 ohms. Ac-
cordingly, the compensating resistor 24 has a value of
200 ohms, the dummy resistors 26 and 28 have a value
of 600 chms (three times the value of the compensating
resistor 24 and the resistance of the gage 12 at the low
end of the scale or 20° C.); the calibrating resistance 66
hes a value of 200 ohms corresponding to the low scale
reading; the calibrating resistor 68 has the value of 299.5
ohms corresponding to the high end of the temperature
range to be measured. The fixed load resistor 86 has a
value of 6800 cohms and the potentiometers 88 and 102
have a value of 25,600 ohms. The ammeter 92 has a
scale of zero to 100 microamperes and has the face
thereof calibrated from zero to 100 as is illustrated in
FIG. 1.

In using the instrument, the operator first turns on
the switch 62 whereby to connect the batery 30 between
the inpui terminals 16 and 18 of bridge 14. He then
turns the switch 64 to the “Min.” position whereby to
place the arm 78 against the contact 72 and thereby to
connect the low end calibrating resistor 6 in the bridge
circuit. At this point there should be zero output at
the terminals 26—22 and, -accordingly, the pointer on
the meter 92 is adjusted with the “zero adjust” mech-
anism 120 (see FIG. 1 of the drawings) so that the
pointer is on the zero mark. The switch 64 is then
placed in the “Max.” position whereby to connect the
high-scale calibrating resistor 68 in the bridge. Maxi-
mum output from the bridge is now obtained and the
potentiometer 88 is adjusted so that the gain of the cir~
cuit will provide a full scale reading of the meter 92,
i.e., the pointer is adjusted to the “100” mark. By plac-
ing the switch 64 in the “Read” position, the instrument
will indicate directly on the face of the microammeter
92 the difference beiween 20° C. and the temperature
to which the gage 12 is subjected. Accordingly, by sim-
ply adding 20 to the reading on the scale of the am-
meter 92, the temperature is directly ascertainable.

If the gage 12 is connected to long leads 58, 66 and
82 which also have small diameters, changes in the re-
sistance of these leads may be large emough to cause
significant errors in the temperature measurements. This
error can be reduced by opening one corner of the bridge
by removing the jumper 56 from between the jack ter-
minals 52 and 54. This provides the usual three-wire
connection to compensate for such lead resistance.

In building the actual instrument or measuring device
10, the usual casing 110 is provided in which are mounted
the ammeter 92, the fixed load resistor 86, the potenti-
ometers 88 and 102, the battery 38, the “Oﬁ?—On” switch
62 which may also be conveniently labeled “Batt.” on
the casing 110, the banana jack 58, the phone jack 100,
and the switch 64. In order to achieve flexibility in
the use of the above named parts of the meter 10, the
resistors 24, 26, 28, 66 and 68, which must be chanved
when using dlﬁerent types of gages 12, are mounted in
a subassembly within a housing 114 which is removably
connected to the casing 118 by suitable plug-in connec-
tors. This arrangement provides for a guick change of
temperature ranges and a quick change of gages 12 if
desired while utilizing the same basic components and
particularly the same ammeter 92. By providing a plu-
rality of the housings 114 with different combinations
of fixed resistances therein, the meter 1¢ can be readily
converted for use with diﬁ’erent gages 12 and over dif-
ferent temperature ranges for the gages.

In view of the foregoing, it is apparent that there has
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been provided.an improved measuring device and particu-
larly an improved linearized temperature measuring de-
vice. While there has been described what is at present
considered to be a certain preferred embodiment of the
invention, it will be understood that various modifications
may be made therein, and it is intended to cover in the
appended claims all such modifications as fall within the
true spmt and scope of the invention.
What is claimed is:

- 1. A device for measuring throughout a predetermined
range a variable control condition C of linear character;
said device comprising a circuit mesh including first and
second input terminals, first and second output terminals,
a sensing resistor subjected to the control condition C
and connected between said first input terminal and said
first output terminal said sensing resistor having a vari-
able resistance R which constitutes a non-linear function
within the predetermmed range of the control condition C
and which deviates in a given sense from a straight-line
function, a first fixed resistor having a fixed resistance R,
and connected between said first input terminal and said
second output terminal, a second fixed resistor having a
fixed resistance Ry and connected between said second
input terminal and said second output terminal, a third
fixed resistor having a fixed resistance Ry and connected
between said second input terminal and said first output
terminal, a source of potential having a value E and con-
nected between said first and second imput terminals,
whereby:

i)

V=E g BT
where:

.V is. the output potential between said first and second
output termmals, ’
and wherein:
the resistance R; is equal to the resistance R at one
end of the predetermined range of the control con-
dition C,
the resistance R, is equal to the resistance R, and the
resistance R, has a value such that the output poten-
tial V is a non-linear function of the resistance R
within the predetermined range of the control condi-
tion C and deviates from a straight-line function in
a sense opposite to and in an amount substantially
equal to said first mentioned deviation, whereby the
output potential V is a substantially linear function
within the predetermined range of the control condi-
tion C, and means for producing a substantially linear
indication ‘of the outiput potential V' as a measure-
ment of the value within the predetermined range of
the control condition C.

2. A device for measuring throughout a predetermined
range a variable temperature T of linear character; said
device comprising a circuit mesh including first and sec-
ond input terminals, first and second output terminals, a
sensing resistor subjected to the temperature T and con-
nected between said first input terminal and said first out-
put terminal, said sensing resistor having a variable re-
sistance R which constitutes a non-linear function within
the predetermined range of the temperature T and which
deviates in a given sense from a straight-line function, a
first fixed resistor having a fixed resistance Ry and con-
nected between said first input terminal and said second
output terminal, a second fixed resistor having a fixed
resistance Rp and connected between said second input
terminal and said second output terminal, a third fixed
resistor having a fixed resistance Rz and connected be-
tween said second input terminal and said first output
terminal, a source of potential having a value E and con-
nected between said first and second inmput terminals,
whereby: '

gi)

V= E[R—i—Ra ET—RZ]
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where:

V is the output potential between said first and second
output terminals, -

and wherein:

the resistance R; is equal to the resistance R at one
eénd of the predetermined range of the temperature
T, :

the resistance R, is equal to the resistance Rj, and the
resistance Ry has a value such that the output poten-
tial V is a non-linear function.of the resistance R
within the predetermined range of the temperature T
and deviates from a straight-line function in a sense
opposite to and in an amount substantially equal to
said first mentioned deviation, whereby the output
potential V is a substantially linear function within
the predetermined range of the temperature T, and
means for producing a substantially linear indication
of the output potential V as a measurement of the
value within the predetermined range of the tem-
perature T.

3. A device for measurmg throughout a predetermined
range a variable temperature T of linear character; said
device comprising a circuit mesh including first and sec-
ond input terminals, first and second output terminals, a
sensing resistor subjected to the temperature T and con-
nected between said first input terminal and said second
put terminal, said sensing re51stor having a positive tem-
perature coefficient of resistance so that it has a variable
resistance R which constitutes a non-linear function within
the predetermined range of the temperature T and which
deviates in a given sense from a straight-line function, a
first fixed resistor having a fixed resistance R; and con-
nected between said first input terminal and said first out-
output terminal, a second fixed resistor having a fixed re-
sistance R, and connected between said second input ter-
minal and said second output terminal, a third fixed re-
sistor having a fixed resistance Ry and connected between
said second input terminal and said first output terminal,
a fourth fixed resistor having a fixed resistance Ry, and
connected between said first and second output terminals,
a source of potential having a value E and connected be-
tween said first and second input terminals, whereby:

By Ry
R+R, Rtk

|
1+2( 2 )- (RL(R+R)> (RL(R1+R2)_|

" V is the output potential between said first and second
output terminals,

V=E

where:

‘and wherein:

the resistance R, is equal to the resistance R at one
end of the predetermined range of the temperature T,

the resistance R, is equal to the resistance Rg, the re-

_sistance. Ry, is substantially greater than the resist-
ance Rg, and the resistance R, has a value such that
the output potential V is a non-linear function of
.the resistance R within the predetermined range of
the temperature T and deviates from a straight-line
function in a sense opposite to and in an amount sub-
stantially equal to said first mentioned deviation,
whereby the output potential V is a substantially
linear function within the predetermined range of the
temperature T, and means for producing a substan-
tially linear indication of the output potential 'V as
a measurement of the value within the predeter-
mined range of the temperature T.

4. The temperature. measuring device set forth in claim
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3, wherein the value of the resistance Ry, is approximately
at least ten times the value of the resistance Rg.
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